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Understanding the nucleation, growth and structural phase transitions process during the preparation of
nanomaterials is crucial for the targeted design and controllable preparation of nanomaterials with spe-
cific structures and properties. Herein, a “solid phase transition” behavior is first found in the semicon-
ductor C3N4 material during the conversion process from amorphous bulk C3N4 to high crystallinity C3Ny4
nanosheets, which usually exists in the process of metals or alloys conversion. A unique C3N4 nanosheet
structure with uniform size distribution is successfully synthesized with a simple two-step calcination
method, which is totally different from the traditional irregular nanosheets exfoliated from the bulk C3Nj,.
This C3N4 nanosheets also possess high crystallinity and it helps to promote the migration of charge car-
riers during the catalytic process. By precisely exploring the synthesis process, a new “solid phase transi-
tion” mechanism is introduced to help understand the atoms recrystallize and grow to form the uniform
high crystallinity nanosheets. The high yield (86%) of this strategy also overcomes the problem of low
efficiency in preparing C3N4 nanosheets. Besides, the advantages of this uniform high crystallinity C3N,4
nanosheets result in superior long-term stability in 100 CV cycles during the electrochemiluminescence
(ECL) test, which is particularly superior to conventional C3N4 nanosheets.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

As a promising metal-free polymer semiconductor material, car-
bon nitride (C3N4) has drawn extensive attention owing to the low
cost, facile synthesis and modification, high thermal and chemi-
cal stability, as well as the unique band gap structure [1-4]. Up
to now, it has exhibited wide application in the fields of photo-
catalysis, electrocatalysis, sensing, energy conversion and storage
since the first study of its photocatalytic activity in 2009 [5-11].
However, pristine bulk C3N4 obtained by thermal polymerization
of nitrogen-rich precursors usually suffers from limited activities
due to low specific surface area, insufficient active sites and rapid
charge carrier recombination [12,13]. To address this issue, devel-
oping two-dimensional (2D) C3N4 nanosheet is generally consid-
ered as a simple and efficient approach because of the larger sur-
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face area, more active sites and better dispersibility characteristics
from the nanosheet structure [14,15]. Over the past years, various
strategies have been explored to get the C3N4 nanosheets and usu-
ally they can be divided into two broad categories: The “top-down”
method and “bottom-up” method [16]. The top-down method is
known as the ways of exfoliating bulk C3N4 into nanosheets, in-
cluding liquid ultrasonic exfoliation, chemical etching and thermal
oxidation [17,18]. While the bottom-up method refers to the syn-
thesis of C3N4 nanosheets from small molecules by self-assembly.
Nevertheless, these methods still face some shortcomings, such as
time consuming, environmentally unfriendly and low yield [14].
Therefore, it is highly desired to develop some new strategies to
efficiently synthesize the C3N4 nanosheets.

Except for the preparation methods, many efforts have demon-
strated that the crystallinity of C3N4 also plays a crucial role in
the performance of photocatalysis and electrocatalysis [19-23]. In-
creasing the crystallinity of C3N4 means extending the ordered
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Fig. 1. (a) Schematic illustration of the traditional morphology synthesis mecha-
nism of C3N4 nanosheets (left) and high crystallinity C3N4 synthesis mechanism
(right). (b) Schematic illustration of the new C3N,4 synthesis mechanism for the high
crystallinity and nanosheets structure, simultaneously.

m-conjugated structure and reducing the internal and surface de-
fects, which will help facilitate the separation and migration rate
of charge carriers, and thus boost the catalytic activity [19,24]. The
long-range ordered atomic arrangements in high crystallinity C3N4
also can increase the chemical and structure stability. While the
pristine bulk C3N4 generally exhibits an amorphous or poor crys-
tallinity due to the kinetic hindrance during the synthesis pro-
cess [25,26]. There have been several methods reported to improve
the crystallinity of C3N4. Among them, molten salt method is the
most popular way, which using molten salt (LiCl/KCl and KBr/LiBr)
as the solvent to dissolve the precursor and providing a favorable
condition for thermal polymerization process of small molecules
[27]. Due to the high degree of condensation, the obtained crys-
talline C3N4 usually shows extremely low defects density, reduced
carrier recombination, high charge transfer rate and excellent cat-
alytic activity. However, the molten salt method usually will lead
to the formation of polytriazine imide (PTI) species, which is un-
stable and inactive for the catalysis [20]. Moreover, the removal
of molten salt residue in the samples is also complex and time-
consuming [28]. Other methods, such as solvothermal, protonation,
template, microwave-assisted and so on, are also complicated and
usually need involve acids, organic solvents or other reagents [29].
Thus, it is also significance to design high crystallinity C3N4 sam-
ples using some fast, effective, inexpensive and scalable production
approaches.

As can be seen from above, morphology regulation and crystal-
lization engineering play crucial roles in the performance of C3Ny
materials. Developing a strategy that can simultaneously solve the
morphology and crystallinity problems of C3N4 from the initial
crystal growth level is an effective idea. In this work, we intro-
duced a new “solid phase transition” mechanism to constructed a
novel uniform high crystallinity C3N4 nanosheets through a sim-
ple two-step calcination method (Fig. 1). By carefully controlling
the calcination under favorable conditions, the morphology of the
obtained C3N4 samples presents the nanosheet structure with uni-
form size and thickness, which is completely different from the
conventional irregular nanosheet prepared by exfoliation. More-
over, the prepared C3N4 nanosheets also possess high crystallinity,
which can greatly accelerate the mobility of charge carriers and
improve the catalytic performance. Through the intensive study of
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the crystalline C3N4 nanosheets formation process, a new “solid
phase transition” mechanism is proposed to reveal the recrystal-
lization and growth of atoms in bulk C3N4 during the formation
of high crystallinity nanosheets. First-principles density functional
theory (DFT) calculations further confirm the feasibility of this
phase transition process by checking the formation energies of the
low crystallinity bulk C3N4 precursor and high crystallinity C3Ny
nanosheets, respectively. In addition, thanks to the well-sealed pre-
cursor by copper foil, a high yield of 86% is achieved during the
secondary calcination. Remarkably, due to the fast electron trans-
fer capability and stable structure of the high crystallinity C3N4
nanosheets, it exhibited outstanding stability in 100 cyclic voltam-
metry (CV) cycles during the electrochemiluminescence (ECL) test.

The uniform high crystallinity C3N4 nanosheets were prepared
by two-step calcination of the nitrogen-rich dicyandiamide as illus-
trated in Fig. 2a, which include the pre-polymerization to obtain
the C3N4 precursor and the recrystallization and growth to form
the high crystallinity C3N4 nanosheets (the details are shown in
the experimental part in Supporting information). The morphol-
ogy and micro-structure of the C3N4 precursors and high crys-
tallinity nanosheets were first investigated by scanning electron
microscopy (SEM) and transmission electron microscopy (TEM). As
present in Fig. S1 (Supporting information), the C3N4 precursor is
the typical dense bulk structure similar to the conventional bulk
C3N4 with the rough surface. However, after annealing in the tube
furnace under special conditions, a large number of nanosheets
densely appeared on the surface of bulk C3N4 precursors (Fig. S2
in Supporting information). The higher magnification SEM image
in Fig. 2b shows that the nanosheets are uniform in size with
a diameter of about 300-400nm and a thickness of about 20-
30nm, and the surface of the nanosheets looks very smooth. Be-
sides, these nanosheets are interconnected with each other to form
a rich porous nanostructure, which is conducive to facilitating the
electrolyte diffusion, increasing the surface area and providing a
wealth of accessible active sites for the electrochemical behav-
ior. To the best of our knowledge, this unique C3N4 nanosheet
structure has never been reported before. The TEM image in Fig.
2c further confirms the nanosheet microstructure of the sam-
ples stripped from the bulk C3N4. From the high-resolution TEM
(HRTEM) images in Figs. 2d and e and the corresponding lattice
distances in Figs. 2f and g, very clear lattice fringes with a spac-
ing of 0.67 nm and 0.32 nm are distributed on the entire in-planar
and interlayer stacking of the nanosheet, which correspond to the
(100) and (002) lattice plane of the C3N,4 structure, respectively
[30,31]. These nanosheet structures are totally different from the
traditional irregular and size-random C3N4 nanosheet morphology
obtained by ultrasonic exfoliation, chemical etching and thermal
oxidation methods (Fig. 2h and Fig. S3 in Supporting information).
The appearance of the clear lattice fringes indicates the high crys-
tallinity of the C3N4 nanosheet because these are difficult to obtain
in low crystallinity C3N,4 (Fig. 2i). The scanning TEM (STEM) im-
age and the corresponding energy-dispersive X-ray spectrum (EDX)
mapping images in Fig. S4 (Supporting information) verify that the
C and N elements are evenly distributed into the C3N4 nanosheet
structure.

Subsequently, X-ray diffraction (XRD) and Fourier transform in-
frared (FTIR) spectroscopy were further employed to confirm that
the prepared materials are C3N4 structure. As shown in Fig. S5a
(Supporting information), two main diffraction peaks in XRD pat-
terns located at 13.0° and 27.4° represent the (100) and (002)
lattice planes, which correspond to the in-planar repeated tri-
s-triazine units and the interlayer stacking of aromatic systems
in C3N4 structure, respectively [32]. This indicates that the C3Ny
structure has been formed in the precursor although some small
molecules were still not completely polymerized. The FTIR spec-
tra in Fig. S5b (Supporting information) display three peak regions
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Fig. 2. (a) Schematic illustration of the synthesis process for high crystallinity C3N4 nanosheets. (b) SEM image, (c) TEM image, (d, e) HRTEM images and (f, g) lattice
distances of (100) and (002) lattice plane of the high crystallinity C3N4 nanosheets. (h, i) TEM images of the conventional C3N4 nanosheets prepared by exfoliation. (j) XRD

pattern of the high crystallinity C3N4 nanosheets and conventional C3N4 nanosheets.

distribute at 810, 1200-1700 and 3000-3500cm™!, which attribute
to the stretching vibration of tri-s-triazine units, C-N-C and C=N
in CN heterocyclic, N-H in the terminal amino groups and O-H
of the surface-bonded H,O0, respectively [33]. This also implies the
existence of the C3N, structure in the precursor. The XRD patterns
of high crystallinity C3N4 nanosheet (C3N4-700 NS) and traditional
C3N4 nanosheet (C3N4 NS) were shown in Fig. 2j. It can be clearly
seen that the C3N4 characteristic peaks of C3N4-700 NS are sharper
and stronger than C3N4 NS, which means a better polymerization
and higher crystallinity in C3N4-700 NS. Moreover, it also can be
found that the (002) peak shift to a higher angle from 27.4° to
27.9°, which means the stack interlayers distance become smaller;
while the (100) peak shift to a lower angle from 13.3° to 12.9°,
which means the expansion of the tri-s-triazine units in planar
[34]. Compared with the C3N4 NS, the FTIR peaks of C3N4-700 NS
look sharper at the CN heterocyclic region, which also implies the
higher crystallinity (Fig. S6 in Supporting information). All these
results are consistent with the morphology analysis.

In order to clearly understand how these unique C3Ny4
nanosheets are formed, a series of controlled condition experi-
ments were carried out. Firstly, the influence of the secondary cal-
cination temperature was investigated. The bulk C3N,4 precursors
were annealed at different temperatures (550, 600, 650, 700 °C) for
1h with copper foil wrapped, respectively. It can be seen from the
SEM images that the calcination temperature has a very important
effect on the morphology of the obtained samples (Fig. 2b and Figs.
3a-c and Fig. S7 in Supporting information). The nanosheet struc-
tures can only form when the temperature is above 600°C, and
the nanosheets gradually grow up and become uniform with the
increase of temperature. If the temperature is too high (>750°C),
the samples will completely decompose and nothing will be left,
and this is also proved by the thermogravimetric analysis (TGA)

curve in Fig. S8. Besides, it can be found that the C3N4 nanosheets
all can be obtained within 10-60 min at the temperature of 700 °C,
and this means that the effect of heating time is less than that
of temperature (Figs. 3d-f and Fig. S9 in Supporting information).
Moreover, the C3N,4 precursors were annealed in the tube furnace
(N, atmosphere) at 700°C for 1h without wrapping the porce-
lain boat with copper foil, and the resulting samples are irreg-
ular nanosheets and similar to the samples obtained by thermal
oxidation etching method (Fig. 3g and Fig. S10 in Supporting in-
formation). This suggests that encapsulating the sample to form
an enclosed space plays a crucial role in the formation of the
uniform C3N4 nanosheet structure, which maybe can prevent the
over-decomposition of the samples into gaseous species and pro-
vide a unique environment for the morphology transition (Fig. S11
in Supporting information). Furthermore, the C3N4 samples were
also prepared by directly heating the dicyandiamide chemical in
the tube furnace at 700°C for 1h using the copper foil wrapped
the porcelain boat by one step calcination, while the final products
were only dense nanoparticles (Fig. 3h and Fig. S12 in Support-
ing information). In summary, there are three decisive factors in
the formation of the uniform high crystallinity C3N4 nanosheets,
namely, suitable calcination temperature, enclosed space, and pre-
cursor, which are all indispensable (Fig. 3i).

Except for the formation conditions, the specific growth pro-
cess of the high crystallinity C3N4 nanosheets has also been in-
vestigated in depth. According to previous reports, a large amount
of gaseous species (N;, NH3, CO, and CNy) will be formed dur-
ing the calcination process when C3N, is synthesized using the
nitrogen-rich molecules. So it is easier to think that some gaseous
species generated by the decomposition of C3N4 precursor will
condense and recrystallize on the bulk C3N4 attachments in the
enclosed space and further grow into the C3N4 nanosheets (Figs.
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Fig. 3. (a-c) SEM images of high crystallinity C3N4 nanosheets prepared at different temperatures for 1h. (d-f) SEM images of high crystallinity C3N4 nanosheets prepared
at 700°C for different time. (g) SEM image of C3N4 prepared without wrapping the porcelain boat with copper foil during the calcination. (h) SEM image of C3N4 prepared
by directly heating the dicyandiamide at 700°C for 1h using the copper foil wrapped the porcelain boat. (i) Summary chart of each influencing factor for the preparation of

C3N,4 nanosheets.

S13a and b in Supporting information). Sun’s group proposed a
vapor-solid growth mechanism to prepared a nitrogen-rich C3N4
microfiber material [35]. To prove this hypothesis, a carbon paper
was placed in the sealed porcelain boat together with the C3N4
precursor during calcination. But there was nothing can be found
on the smooth surface of the carbon paper (Figs. S13c-e in Sup-
porting information), which probably due to a low-temperature
zone can't be provided for the condensation of CNx vapor on the
substrate under the experimental conditions in this work, so this
hypothesis is ruled out. The SEM images of the C3N4 sample pre-
pared at 600 °C were further analyzed to reveal the early formation
stage of the C3N4 nanosheets. It can be seen that the edges and de-
fect areas of the bulk precursor are more likely to form the C3Ny
nanosheets (Fig. 4a). Besides, the nanosheets in the Fig. 4b seem to
grow out from the bulk precursor, which like bamboo shoots grow-
ing out from the soil. Moreover, we found that there are lots of
holes on the broken nanoparticles and the bulk C3N4 maybe have
become hollow structures (Fig. 4c, Fig. S14 in Supporting informa-
tion). Therefore, we infer that it might be the atoms inside the bulk
C3Ny4 have transferred to the outside to form the C3N4 nanosheet
structure by re-crystallization. Furthermore, the 86% high yield in
the secondary calcination process (Table S1) also can prove that
the hollow structure is formed due to atoms transfer not the de-
composition of precursor. Based on these proofs, a new “solid
phase transition” mechanism is proposed to explain the formation
process of this unique highly crystalline C3N4 nanosheets as illus-
trated in Fig. 4d: (1) The low crystallinity C3N,4 precursors accumu-
late energy at the initial heating process, which causes the atoms
of the precursor in a highly active and high-energy state. (2) Once
the energy exceeds the threshold, the atoms at the defect sites of
the precursor will first recrystallize and nucleate due to the higher
energy at defect sites, and followed by other place when the en-
ergy is enough. (3) During the continuous heating process, when
the atoms on the surface of precursor are insufficient to maintain
crystallization, the atoms inside the precursor will start transfer

to the surface to promote the growth of crystal nucleus. In the
solid to solid phase transition process, the crystal nucleus tends to
form sheet-like or plate-like morphology to reduce strain energy
when the crystal nucleus maintains similar structure to the par-
ent phase. (4) With the continuous supply of internal atoms, the
small crystal nucleus on the surface will eventually form the big
C3N4 nanosheets, which like the growth of bamboo shoots. This
process also leads to the formation of the hollow structure due to
the transfer of atoms. In addition, the NH3 produced by the small
amount of decomposition of precursor will fill the closed space,
and this suitable NH3 atmosphere is conducive to the formation of
high crystallinity C3N4 [36-39]. This kind of crystallization, growth
and phase transformation process has been widely reported in the
preparation of nano-alloys and crystal materials [40-43]. The DFT
theoretical calculation results in Figs. 4e and f show that the high
crystallinity C3N4 structure has lower formation energy than the
low crystallinity structure, this prove that the high energy atoms
will more easily to form the high crystallinity C3Ny.

Subsequently, the C3N4 nanosheets synthesized at different
temperature (named C3N4-550 NS, C3N4-600 NS, C3N4-650 NS,
C3N4-700 NS, respectively) and the conventional C3N4 nanosheets
prepared by ultrasonic exfoliation (named C3N4 NS) were also
characterized by XRD (Fig. S15a, Table S2 in Supporting informa-
tion), FTIR spectroscopy (Fig. S15b in Supporting information) and
X-ray photoelectron spectroscopic (XPS) (Fig. S16 in Supporting in-
formation) for crystalline structure and chemical composition anal-
ysis. The results are in agreement with the morphology analysis
and further confirm higher crystallinity of C3N4 nanosheets pre-
pared at higher calcination temperature. Furthermore, the optical
properties of C3N4 samples were also investigated by the UV-vis
diffuse reflectance spectroscopy (DRS) (Fig. S17 in Supporting in-
formation), photoluminescence (PL) spectra (Fig. S18 in Support-
ing information), time-resolved PL decay spectra (Fig. S19 in Sup-
porting information) and electrochemical impedance spectroscopy
(EIS) (Fig. S20 in Supporting information). These results indicate
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(a, b) SEM images of high crystallinity C;N, nanosheets prepared at 600°C. (c) SEM image of high crystallinity C;N, nanosheets prepared at 700°C with holes. (d)

Schematic illustration of the formation mechanism of high crystallinity C3N4 nanosheets. (e, f) DFT theoretical calculation and the formation energy about the low and high

crystallinity C3N4 nanosheets.
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Fig. 5. (a) ECL and (b) CV curves of the C3N4-700 NS+ K;,S;0s, C3N4 NS +K;S,0s, K;S,0g, and C3N4-700 NS. (c) The possible ECL mechanism of C3N4-700 NS. (d, e) The
ECL intensity stability of C3N4-700 NS and traditional C3N4 NS under 100 continuous CV cycles.

that the changes of morphology and crystallinity will greatly affect
the optical and electrical properties of C3N4 materials (the details
are shown in Supporting information).

It is well known that C3N4 is a promising ECL luminophore
since Xiao’s group reported it in 2012, so we will explore the ap-
plication value of this high crystallinity C3N4 nanosheets in the
ECL field [44]. Similar to previous works, the cathode ECL responds
and CV curves were conducted in 0.1 mol/L PBS electrolyte with
100 mmol/L K,S,0g as the co-reactant [26]. As can be seen from
Fig. 5a, the C3N4-700 NS modified GCE emitted a strong light sig-
nal with the presence of K,S,0g, while almost no light emission
could be seen when the C3N4-700 NS and K,S,0g existed alone.
This indicates that the C3N4 nanosheets was used as luminophore
and the K,;S,0g was used as the co-reactant to help the C3N4

nanosheets to emit the light. The CV curve of C3N4-700 NS in Fig.
5b showed a broad reduction peak at —1.1V in the solution con-
taining 100 mmol/L K;S,0g, which perhaps due to the catalytic re-
duction of K,S,0g [44]. Meanwhile, a very small reduction peak
at the same potential also appeared on the CV curve of C3N4-
700 NS without K,S,0g, and this may be caused by the reduction
of C3N4-700 NS (Fig. S21 in Supporting information) [45]. There-
fore, a possible ECL reaction mechanism of the highly crystalline
C3N4 nanosheets/K,S,0g system was shown in Fig. 5c: Firstly, the
S,0g%" was reduced to S,0g3" and then spontaneously transformed
to strong oxidizing SO4*~ species during the electrochemical reduc-
tion process (Eq. 1); at the same time, the C3N4-700 nanosheets
were also reduced to the negatively charged C3N4™ (Eq. 2); sub-
sequently, the oxidizing SO4" free radical will react with the re-
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Fig. 6. (a) 100 CV curves of the C3N4-700 NS and C3N4 NS. (b) EIS curves of C3N4-700 NS, C3N4 NS and bare GCE in the 0.1 mol/L PBS solution containing 5mmol/L
[Fe(CN)s]3*. (c) PL spectra, (d) XRD, (e) FIRT spectra of the C3N4-700 NS and C3N4 NS before and after 100 CV cycles. (f) TEM images of the C3N4-700 NS and C3N4 NS

after 100 CV cycles.

ductive C3N4 to form the excited-state C3N4* (Eq. 3), and because
S04 and C3N4*~ were formed at the same time, so the short-lived
free radicals had more chance to react to produce more C3N4*; fi-
nally the C3N4* will decay to its ground state accompanied by the
production of light radiation (Eq. 4).

S,05% + e — $;0g3" — 5042 + 504~ 1)
C3Ng+e — C3Ng~ (2)
S04~ +C3Ng™ — C3Ng* 4 S04% (3)
C3Ny* — C3N4 + hy (4)

Besides, the ECL signal and CV curve of the conventional C3N4
nanosheets were also recorded to compare with the C3N4-700 NS.
It can be seen the ECL intensity of C3N4-700 NS is 5.6 times higher
than the traditional C3N4 nanosheets, which indicates the advan-
tage of the C3N4-700 NS in ECL (Fig. 5a). Furthermore, the ECL be-
havior of the high crystallinity C3N4 nanosheets prepared at dif-
ferent temperature were also tested under the same conditions. As
present in Fig. S22 (Supporting information), the ECL emission in-
tensity increased dramatically with the increase of calcination tem-
perature, which maybe ascribe to the high current of C3N4-700
NS generated in catalytic reduction of K,;S,0g and reduction of
C3N,4 nanosheets. The high current meant more of the two kinds
of S04 and C3N4* free radicals produced in the reduction pro-
cess and resulted in stronger light signal. The ECL emission spectra
were also conducted with a constant potential at —1.3V, and the
result shows that the ECL emission peaks appear at 472nm in all
the C3N,4 sample, which is consistent with the PL spectra (Fig. S23
in Supporting information).

In addition to the ECL intensity, long-term stability testing is
also an important criterion for evaluating the illuminant materials

in practical applications. The ECL-time curve of C3N4-700 NS was
recorded in Fig. 5d, and the result showed negligible degradation
during the 100 continuous cyclic scans in the potential range of 0V
to —1.3V. This super stability exceeded most of the ECL materials
reported by others [46,47]. Besides, the C3N4-650 NS and C3Ng4-
600 NS samples also maintained a stable ECL emission in the 100
CV cycles, while the C3N4-550 NS sample showed a little decline
(Fig. S24 in Supporting information). On the contrary, the conven-
tional C3N4 NS showed relatively poor stability during the 100 CV
cycles long-term stability test (Fig. 5e). The excellent strong ECL
emission intensity and super stability further indicate the applica-
tion prospects in the field of ECL.

To better understand the difference of the C3N4-700 NS and
conventional C3N4 NS in ECL stability, a series of characteriza-
tion techniques including electrochemical stability, electrical con-
ductivity, photophysical stability and structural stability were car-
ried out to systematically reveal the internal reasons. As shown
in Fig. 6a, C3N4-700 NS did not show significant current decline
compared with the conventional C3N4 NS during the 100 contin-
uous CV cycles, indicating the better electrochemical stability of
the C3N4-700 NS and ensuring a stable source of the free radi-
cals in ECL test. In addition, the EIS curves also confirmed that
C3N4-700 NS sample possesses a smaller charge transfer resistance,
which will help to accelerate the charge transfer during ECL pro-
cess, reduce the interface charge accumulation and inhibit the pas-
sivation damage of the C3N4 nanosheets (Fig. 6b). The photophys-
ical stability of the samples were revealed by testing the PL spec-
tra (Fig. 6¢) of C3N4 samples before and after the 100 CV cycles.
It can be clearly seen that the fluorescence emission intensity of
C3N4 NS decreased a lot after 100 CV cycles, while the intensity
of C3N4-700 NS was almost no change, implying its excellent op-
tical stability. Furthermore, the changes of the structure, composi-
tion and morphology were checked by XRD, FTIR and TEM charac-
terization. The change of XRD was obtained by loading the C3N4
samples on ITO and then testing the XRD pattern before and af-
ter 100 CV cycles (Fig. 6d). The C3N4-700 NS showed negligible
change while the C3N4 NS showed a larger change, meaning the
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crystallinity of C3N4 NS deteriorated during the electrochemical re-
action (Note: the peaks marked by gray arrows were caused by in-
dium tin oxides (ITO) electrode, Fig. S25 in Supporting informa-
tion). FTIR results in Fig. 6e displayed that there were lots of N-H
and O-H bond formed after the CV test, which proved that the
C-N-C and C=N frame in the edge of the C3N4 nanosheets will
partially decompose during the CV test in both C3N4-700 NS and
conventional C3N4 NS [48]. The TEM image after 100 CV cycles
test showed that the morphology of C3N4-700 NS had no obvi-
ous change, while the conventional C3N4 NS looked like some of
the nanosheets stacked together, which may have some impact on
the ECL stability (Fig. 6f). This morphology stability of C3N4-700
NS maybe caused from the stable long-range ordered atomic ar-
rangements in high crystallinity C3N4 nanosheets. In conclusion,
all these results confirmed the better stability of high crystallinity
C3N4-700 NS in various aspects, which resulted in the excellent
ECL stability.

In summary, a new kind of C3N4 nanosheets with uniform size
distribution and high crystallinity were prepared by a simple two-
step calcination method. Mechanism studies and DFT calculation
results revealed that the solid phase transition behavior plays an
important role in the recrystallization and growth process of C3N4
nanosheets structure. Benefit from the advantages of uniform mor-
phology and high crystallinity, this as-prepared C3N4 samples ex-
hibited excellent stability in 100 CV cycles during the ECL test.
Thus, this work provides new insights for the understanding of
solid phase transition behavior in the semiconductor C3N4 mate-
rial. Based on the super stability during the ECL process, it is highly
expected that this uniform high crystallinity C3N4 nanosheets can
be used in other electrochemical field.
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